the limbs can cause reflex increases in ventilation (7, 15, 26) , blood pressure (12, 16, Zl) , heart rate (Zl), cardiac output (Zl), and left ventricular contractility (21). It has been suggested that reflexes from the limb causing such changes may be activated physiologically during muscular exercise (1, 2, 5, 8-l 1, 13, 14) 
METHODS
Mongrel dogs weighing 14-20 kg were anesthetized with intravenous alpha-chloralose (50-100 mg/kg) dissolved in polyethylene glycol. After tracheal intubation, the sciatic nerve and the femoral nerve, artery, and vein of the right hindleg were carefully dissected free of surrounding tissue at the level of the proximal femur. Two metal bands were placed around the remaining tissue and the fernur as shown in Fig. 1 . The bands were then tightened to occlude as much as possible all blood flow except that through the femoral vessels (and that traversing bone). The artery and vein of the gracilis muscle were ligated and cannulated proximally with polyethylene tubing Both open-chest and closed-chest dogs were submitted to various pain-provoking stimuli, including pinching of the skin, testicular crushing, and injection of 0.3-2.0 mmole KC1 intracutaneously and subcutaneously. Intramuscular injections of similar amounts of KC1 were also given.
Four additional dogs were prepared for study using an isolated perfused gracilis muscle preparation.
A detailed description of the basic method has been published previously (27). Briefly, it consisted of cannulation of the major artery and vein to the gracilis muscle, ligation of WILDENTHAL, MIERZWIAK, SKINNER, AND MITCHELL all minor vessels, and arterial perfusion of blood of varying K+ composition at constant flow rates through the muscle. The nerve to the gracilis was left intact, and reflex changes in heart rate and blood pressure were recorded from a carotid artery cannula as described above.
RESULTS

Effects of KC1 Infusions into the Isolated Leg
Arterial pressure and heart rate. All dogs showed increases in heart rate and arterial pressure during intra-arterial infusion of KC1 into the isolated leg. A typical tracing from an open-chest, uncontrolled preparation is shown in Fig. 2 was observed in the sixth dog. Figure 4 shows two examples of ventilatory responses to KC1 infusion into the leg, one in which ventilation increased solely through tidal volume changes and one in which rises in both rate and tidal volume were significant.
Mean values for the six dogs are given in Table 1 . The increase in minute ventilation of 786 ml was 28 % above control values.
Changes associated with multifile KCI infusions. It seemed desirable to establish the existence . of a correlation between the amount of potassium given with each infusion and the magnitude of response seen. Most dogs, however, tended to have a diminished responsiveness to K+ after rnultiple frequent infusions (Fig 5) This factor of adaptation made dose-response characteristics dishcult to quantify.
Nevertheless, there did appear to be a rough correlation between the amount of Kc+ infused and the degree of change observed. For example, each dog with controlled heart rate, pressure, and flow received 0.5 and 0.9 mEq of K+ infused in random order; the increases in stroke power and mean rate of ejection were 30-50 % greater after the larger dose than after the smaller, from the same end-diastolic pressure. E$ects of KCI in isolated muscle. Both injection of KC1 solution intramuscularly and infusion of KC1 in traarterially into an isolated muscle caused reflex changes similar to those seen with KC1 infusions into the entire leg. The magnitude and duration of the reflexes were of the same order of magnitude as those inclucecl from the whole leg, but with the small mass of tissue involved in the isolated muscle experiments, relatively larger amounts of KC1 were required to induce the reflex responses (e.g., 1 ml of 0.3 niniole/ml solution intramuscularly, or >40 mEq/liter Kf solution infused slowly intra-arterially).
Ejects of Control Procedures
Since a number of changes other than just an increase in K+ concentration in the leg could result from the KC1 infusions given, it was necessary to evaluate the effects of various other factors. To test the effect of venous occlusion alone, the basic protocol was followed using normal saline. No effects were observed (Fig. 6) . Since KC1 solutions used were hypertonic and hypertonic solutions are known to be reflexogenic (17), hypertonic sucrose or saline was infused. Effects were seen only when the tonicity of the sucrose or saline was at least 5-25 times that of the KC1 used. Since pain may be a cause of reflex changes of ventilation (19) Although the reflex changes in ventilation, heart rate, blood pressure, cardiac output, and left ventricular contractility produced with intra-arterial infusion of KC1 into the isolated leg are consistent with a hypothesis that potassium may be important in physiological reflexes from the leg, it should be emphasized that with the data presently available one cannot determine whether potassium-induced changes are specific reflexes or nonspecific effects of a noxious stimulus.
Even if it exerts a specific physiological effect, the potassium ion alone is unlikely to be the "work factor" often mentioned in discussions of exercise physiology (4). It seems more probable that multiple factors, chemical and mechanical, may be involved in the reflexes seen during exercise. Furthermore, reflex stimuli may be different in one species than another, in static than in dynamic exercise, in intense than in light exercise, and in circulatory than in ventilatory changes. Our data suggest that potassium deserves consideration as one possible mediator in exercise-induced reflexes.
